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 Rapid development and intensification of 
storm systems 
 Increased one day precipitation totals 
 Severe drought 
 More intense storm systems 
 Stronger Winds 
 Greater Frequency of Tornados 
 Increased Precipitation Totals in some areas 
 Decreases in annual precipitation in other areas 
 Unprecedented Heat Waves  
 Joplin, Missouri 
 158 Deaths 
 1,100 Injured 
 $2.8 Billion in 
 Damage 
 2012 Worst Drought 
since 1950s 
 $12 billion in 
Agricultural losses 
 > $100 million in 2012 
wildfire costs in western 
US 
 Super Storm Sandy 
 147 Deaths 
 >$40 Billion in damage 
 Winter Storm ‘Nemo’ 
 16 Deaths 
 4,000 cancelled flights 
 > $1 billion economic 
impact 
 2011 set record > $50 
billion in storm costs, 
2012 tallies expected to 
exceed 2011 
 
 
 
 
 
 
 
By 2025 costs will exceed 
1% of GDP or $218 billion 
annually. 
 
By 2100 costs will exceed 
$1.8 trillion 
Source: www.politico.com 2012-44  
By DR. BOB CORELL, DR. JEFF 
MASTERS and DR. KEVIN 
TRENBERTH  
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 SWR Reflective Asphalt (Glassphalt) 
 SWR Reflective Roofs 
 Commercial Aircraft Contrail 
Layering 
 Cloud Farming 
 Sea Salt Seeding 
Man Made Orographic Lifting 
 
 

 There are approximately 38,000 square miles of 
roof tops in the Continental United States. 
About the size of Virginia. 
 This represents approximately 1% of the total 
area in CONUS. 
 
 High thin Cirrus Clouds have an overall 
warming effect. (Manaby and Wetherald, 
1967/Cox, 1971) 
 Increasing the optical thickness of Cirrus 
reverses the effect having a cooling effect. 
(Stephens and Webster, 1981) 
 Analysis of upper air for contrail formation 
areas and diversion of flight levels into 
formation areas combined with layering may 
increase cooling. 
 Ayash et al, 2008. Salt aerosols significantly 
modulate the atmospheric radiation budget 
over oceanic regions and need to be accounted 
for in global climate models. 
 Sea Salt aerosols play a much larger role in 
cooling the atmosphere in the Southern 
Hemisphere.  3-4 w/m2. 
 Fine aerosol Sea Salt .5μm and less significantly 
increase cloud droplet activation. (Ghan, et al, 
1998) 
 A 10%- 13% increase in clear air low clouds can 
negate global warming at current CO2 levels. 
 Sea Salt Seeding 
 Man-made orographic lifting. 

 Fine Mist Sea Salt Aerosol Seeding over near 
saturated boundary layer. Where winds are 
light and area has minimal sea salt CCN 
available. 
 Using meteorological sensor packages on long 
range UAVs (Aerosondes) to identify optimal 
seeding sites. 
 Identify Globally Areas where upwelling 
occurs regularly.   
 Slight man made lift may provide cloud 
formation (marine layer) when conditions are 
near formation threshold. 
  Needs further research and development. 
 
 Meteorological and Climatological Impacts 
need to be researched and addressed in any 
Urban Development Environmental Impact 
Study. 
 Climatology needs to be considered in 
infrastructure maintenance and replenishment. 
 Not only think “Green” but think “Cool”. 

